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, (57) Abstract: A converter, adapted to be connected to a three-phase input voltage system (VI, V2, V3), comprising a first terminal 
(P) and a second terminal (N) of a DC voltage output is presented. It comprises for each phase of the input voltage system, two boost 
^ diodes (DB1, DB2, DB3, DB4, DB5, DB6), a switch (SI, S2, S3) and a snubber circuit (1, 2, 3). For each phase, a snubber inductor 
(Lll, L12, L13) in series with each switch (1,2,3) reduces the current rising rate at the tum-on instant When the switch (1,2,3) is 
Q tumed-off a capacitor (C12, C13, C22, C23, C32, C33) delays the voltage rising by diverting the current that is circulating through 
^ the switch. The invention presents a very efficient converter having only one inductor per snubber circuit, which saves both space 
and cost 
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AN ARRANGEMENT FOR AN ELECTRICAL CONVERTER 
TECHNICAL FIELD 

The present invention relates to a converter, adapted to be connected to a three- 
phase input voltage system, according to the preamble of claim 1. 

TECHNICAL BACKGROUND 

In the use of electronic rectifiers or static converters AC-DC, utility pollution 
problems may occur caused by large distorted harmonics currents drawn from the 
power distribution systems. Harmonic currents cause additional harmonic losses 
in the utility system and may excite electrical resonances, leading to large over- 
voltages, thus disturbing other sensitive loads connected to the same supply- 
Multilevel converters reduce the voltage imposed across the switching devices 
proportionally with the number of levels. In this way, it is possible to use them in 
high voltage systems increasing the converter capability- Also, they improve the 
voltage and current waveforms, which results in a reduction of the harmonic dis- 
tortion. Additionally, the electromagnetic interference of multilevel converters is 
smaller than that of conventional converters because the voltage variation (dv/dt) 
at the commutation instant is divided by the number of levels. 

A unidirectional three-phase three-level converter is presented by [K. Oguchi and 
Y. Machi, "Proposal of a Multilevel-Voltage Source Type Rectifier Having a 
Three-Phase Diode Bridge Circuit as a Main Power Circuit", Trans. IEEE Japan, 
Vol. 1 12D, No. 5, May 1992, pp. 497-498, 1992]. A diode bridge rectifier and 
three switches with reversible current flow capability compose the converter. The 
active switches are gated at the same line frequency. The bi-directional switches 
are gated on at zero crossing of the corresponding phase-voltage. The configura- 
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tion according to the article in question does not allow output voltage control and 
the harmonic distortion may increase if the conduction angle of the switches is 
chosen to be different than 30 degrees. Therefore, the applications for this type of 
control are limited. 

5 

To improve the line-current waveform and the controllability of the three-level 
converter, pulse width modulation (PWM) is commonly used. The input current 
is controlled by varying the pulse width of the switching devices, which usually 
operates at high frequency. 

10 

To reduce the energy dissipated in the switching device at the commutation in- 
stant, a snubber circuit is required, which limits the current and voltage rising rate 
at the time of turning on and off, respectively. An advantage of snubber circuits is 
that they can reduce the EMI (electromagnetic interference) caused by the 
1 5 switching action in the converter. 

Constant frequency resonant-transition converters combine resonant methods for 
low loss switching with PWM for control. 



20 Passive snubbers are preferred to active snubbers because no additional active 
components are needed, which reduce cost and complexity, and increase robust- 
ness and reliability. 

Fig. 1 shows a circuit of a passive snubber for a three-level AC-DC converter, 
25 introduced in [C. Cruz and I. Barbi, "A passive lossless snubber for the high 

power factor unidirectional three-phase three-level rectifier", Proceedings of IE- 
CON '99, Vol. 2, pp. 909-914, 1999]. The snubber restricts the growth rates of 
the reverse recovery current and switch voltage with passive components only. 
The converter has a high efficiency and the snubber is essentially loss-less. How- 
30 ever, the snubber requires a relative large number of passive components. This 
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contributes, not only to a high cost for its production, but also a large footprint in 
the printed-board, which, in turn, contributes to a large system size and a rela- 
tively small power density. The energy due to the turn-on and turn-off process is 
first stored in an inductive and capacitive element respectively and thereafter is 
5 delivered to the load performing the so-called "loss-less" commutation. 

SUMMARY 



It is an object of the present invention to present a unidirectional three-level con- 
. 1 0 verter presenting the advantages of prior art converters and which will have a 
high power density. 

It is another object of the present invention to present a unidirectional three-level 
converter with a high efficiency and low electromagnetic interference. 

15 

The objects are met with a converter, adapted to be connected to a three-phase 
input voltage system, having the characterizing features of claim 1. 

The snubber inductor in series with each switching device reduces, during opera- 
. -°0 tion, the current rising rate at the turn-on instant of the switch, so that turn-on 

commutations are performed with initially zero and then slow rising current. It is 
connected between the junction of two boost diodes and a bi-directional switch, 
and prevents the dangerous effect that the boost-diode recovery currents have on 
the switches. 

25 

According to the invention only one inductor is used to prevent the reverse re- 
covery current of both boost diodes in each phase. Thus, the same inductor is 
used in both the positive and in the negative semi cycle of the input voltage, and 
the invention allows the saving of one resonant inductor per phase. Therefore, 
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compared with the state of the art, the circuit related with the present invention 
allows the savings of three resonant inductors. 

The resonant inductors are among the most volume intensive components, and 
5 obviously are also among the most expensive elements of the circuit. Therefore, 
reducing the number of resonant inductors will reduce the cost and the volume of 
the complete system, and increase the power density. 

Preferably the means to limit a voltage rise comprises a second and a third snub- 
10 ber capacitor. When the switching device is turned-off these capacitors will delay 
the voltage rise by diverting the current that is circulating through the switch. 

The "loss-less snubbing" is performed by storing the energy due to the switching 
process in passive elements (inductors and capacitors) and thereafter transferring 
1 5 the energy to a load. 

It is important to remark that the invention keeps the advantageous characteristics 
of the three-level boost-type converters such as: low voltage stress on the 
switching devices, high quality waveforms, no shot-though possibility and gen- 
20 eration of two symmetrical output voltages. The converter according to the in- 
vention operates with soft commutation without the employment of auxiliary 
switches. 

BRIEF DESCRIPTION OF THE FIGURES 

25 

The invention will now be described in greater detail with reference to the draw- 
ing, in which 

- fig. 1 shows a three-phase three-level converter with a passive snubber ac- 
cording to prior art, 



( 
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- ;fig. 2 shows a simplified circuit diagram of a three-phase, three-level boost- 
type converter with a passive snubber according to a preferred embodiment of 
;the invention, 

- Ifig. 3a-3f show alternative details of the converter in fig. 2, 

5 - fig. 4 shows diagrams of voltage and current in the circuit in fig. 2, 

- 1 fig. 5 shows a printed board layout of a converter according to prior art, 

- . fig. 6 shows a printed board layout of a converter according to the invention, 

- 'fig. 7 shows a simplified circuit diagram of a three-phase, three-level boost- 
type converter with a passive snubber according to an alternative embodiment 

10 of the invention, and 

- fig. 8 shows a simplified circuit diagram of a three-phase, three-level boost- 
type converter with a passive snubber according to another embodiment of the 
invention. 



1 5 DETAILED DESCRIPTION 



Fig. 2 shows the circuit design of the three-level converter according to a pre- 
ferred embodiment of the invention. The converter is connected to a three-phase 
voltage system VI, V2, V3 through three boost inductors LI, L2, L3. One out of 
. 7.0 two terminals in each boost inductor LI, L2, L3 is connected to a point A, B, C, 
respectively. The other terminal of each boost inductors is connected to a point U, 
V and W, respectively. 

The converter comprises first DB1, DB3, DBS and second DB2, DB4, DB6 boost 
25 diodes. The anodes of the first boost diodes DB1, DB3, DB5 and the cathodes of 
the second boost diodes second DB2, DB4, DB6 are connected to points U, V 
and W, respectively. The cathodes of the first boost diodes DB1, DB3, DB5 are 
connected to a point P, which represents the positive terminal of a DC voltage 
output. Similarly, the anodes of the second boost diodes DB2, DB4, DB6 are 
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connected to a point N representing the negative terminal of the voltage output. 
The points P and N are adapted to have a load LD connected between them. 



There are two capacitors connected at the output terminals. A first output ca- 
5 pacitor CI is connected between the positive terminal P and a medium point M, 
which is a reference for the positive and negative output voltages at points P and 
N, respectively. A second output capacitor C2 is connected between the medium 
point M and the negative terminal N. 

1 0 Three bi-directional switches SI, S2 and S3 are connected to the medium point M 
in one end, and to points R, S and T, respectively, at another end. The bi- 
directional switches are represented as ideal switches in Fig. 2. In practice they 
may have any of the configurations shown in Fig. 3a-3f. 



1 5 There are three passive snubber circuits 1, 2, 3 connected between the boost di- 
odes and the bi-directional switches. (In fig. 2 each snubber circuit 1, 2, 3 is indi- 
cated as enclosed by a rectangle of broken lines.) The snubber circuits have 
similar configuration and each of them comprises a first CI 1, C21, C31, a second 
C12, C22, C32, a third C13, C23, C33 and a fourth C14, C24, C34 snubber ca- 

20 pacitor, as well as a first Dl 1, D21, D31 a second D12, D22, D32, a third D13, 
D23, D33, a fourth D14, D24, D34, a fifth D15, D25, D35 and a sixth snubber 
diode D16, D26, D36. Preferably the snubber diodes are of an ultra fast type. Ad- 
ditionally, each snubber circuit 1, 2, 3 comprises a snubber inductor LI 1, L12. 
L13. 

25 

The snubber circuit 1 is connected to the rectifier as follows. The snubber induc- 
tor LI 1 is, at a first snubber inductor terminal 4, connected to a point U, which is 
a junction of the first and the second boost diodes DB1, DB2, and, at a second 
snubber inductor terminal 5, connected to the bi-directional switch SI via a point 
30 R. 
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The smibber inductor L 1 1 reduces the slope rate of the current through the switch 
Si at a turn-on instant thereof. This avoids the dangerous effect that the boost- 
diode recovery currents have on the switches. According to the invention, for 
5 each phase only one inductor is used to prevent the reverse recovery current of 
both diodes. 

The third and fourth snubber diode D13, D14 join the snubber inductor LI 1 with 
the second and third snubber capacitor C12, C13, respectively, and prevent dis- 
, 1 0 charge of the second and third snubber capacitor C12, C13 through the switch SI 
at a turn-on instant of the switch. The anode of the third snubber diode D 1 3 is 
connected to the point R and the cathode thereof to a point Fl . The cathode of the 
fourth snubber diode D14 is connected to the point R and the anode thereof to a 
point Gl. 

15 

The second and third capacitors C12, C13 are used to limit the voltage rise on SI 
at the turn-off instant of the switch. They are, in one end, connected together at 
the point M. The other end of the second snubber capacitor CI 2 is connected to 
the point Fl and the other end of the third snubber capacitor CI 3 is connected to 
( ?0 the point Gl. 

The second snubber diode D12 creates a path to transfer the energy due to the 
commutations from the snubber inductor LI 1 and the second snubber capacitor 
C12 to the first snubber capacitor CI 1. Similarly, the fifth snubber diode D15 

25 creates a path to transfer the energy due to the commutations from the snubber 
inductor LI 1 and the third snubber capacitor C13 to the fourth snubber capacitor 
C14. This energy is thereafter transferred to the load LD to avoid commutation 
losses. The anode of the second snubber diode D12 is connected to the point Fl 
and the cathode thereof to a point El. The anode of the fifth snubber diode D15 is 

30 connected to a point HI and the cathode thereof to the point Gl . 
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V 

i 

The first and fourth snubber capacitors CI 1, C14 temporally store the commuta- 
tion energy, which is thereafter transferred to the load LD via the first and sixth 
smibber diodes, Dl 1 and D16, respectively. The first and fourth snubber capaci- 
5 tors CI 1 and C14 are connected together at one end to the point U and at the 
other end to the points El and HI, respectively. 

i 

i 

Filially, the diodes Dl 1 and D16 create the necessary path to transfer the energy 
stored in CI 1 and C14 to the load LD. The anode of the first snubber diode Dl 1 
10 is connected to the point El and cathode thereof to the positive output terminal P. 
The cathode of the sixth snubber diode D16 is connected to the point HI and an- 
ode thereof to the negative output terminal N. 

The snubbers 2 and 3 are connected to the rectifier in the same manner as the 
1 5 snubber 1 , described above. 

Fig. 4 shows, as functions of time, the currents through the snubber inductor LI 1, 
i(Ll 1), and the switch SI, i(Sl), and the voltage across the switch SI, v(Sl), the 
second snubber capacitor C12, v(C12), and the first snubber capacitor CI 1, 
20 v(Cl 1). To make understanding easier it is assumed that the current that flows 
through the boost inductor LI , here referred to as input current, is constant at a 
value I, during the switching period. Similarly, the voltage across the first output 
capacitor CI, here referred to as output voltage, remains constant at a value Vol. 

25 Initially, before tO, the switch SI is in blocking condition and the input current 
flows through the boost inductor LI and the first boost diode DB1 to the first 
output capacitor CI and the load LD. The current through the snubber inductor 
LI 1, i(Ll 1), and the switch SI, i(Sl), is equal zero, while the voltage across the 
second snubber capacitor C12, v(C12), and the switch SI, v(Sl), is equal to Vol 

30 and the voltage across the first snubber capacitor CI 1, v(Cl 1), is equal to zero. 
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At the time tO the switch SI is turned to conduction condition and since the first 
boost diode DB1 is also in conducting state, the output voltage Vol is applied 
across the terminals 4, 5 of the snubber inductor LI 1 . Therefore, the current 
5 through the snubber inductor LI 1, i(Ll 1), and switch SI, i(Sl), will increase with 
a rate given by: 

di = Vol 
dt~L\\ 

C. _0 The current circulating through the first boost diode DB 1 will decrease with the 
same rate. When this current has dropped to zero it will change direction and 
continue circulating through the first boost diode DB1 during a small time given 
by the reverse recovery characteristic of the diode. Thereafter, at a time tl, the 
first boost diode DB1 will change to blocking state. Until this time voltages 
1 5 across the first snubber capacitor CI 1 , v(C 11), and the second snubber capacitor 
C12, v(C12), remain at zero and Vol, respectively. 

When the first boost diode DB1 turns to blocking condition at the time tl, the 
second snubber diode D12 will start conducting the current though a loop formed 
' Z0 by the second snubber diode D 1 2, the first snubber capacitor C 1 1 , the snubber 

inductor LI 1, the switch SI and the second snubber capacitor C12. During a time 
interval from tl to t2, the energy stored in the second snubber capacitor C12 is 
transferred to the first snubber capacitor CI 1. The voltage across the second 
snubber capacitor C12 decreases from Vol to zero, while the current through the 
25 snubber inductor LI 1 and the switch SI continues to rise. The resonant transition 
from tl to t2 is governed "by the equation for the current through the snubber in- 
ductor L 1 1 , i(L 1 1), given by 
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and the voltage across the second snubber capacitor C12, v(C12), given by 



5 



The voltage across the first snubber capacitor CI 1, v(Cl 1) is given by 



v ai (0 = ^l~.[l-cos(a>/)] 

( 

10 where 

1 _ C11-C12 , 1 . - 1 

cd= ; =r> C= , a>l= . and co2= . = . 

-s/XHC C11 + C12 ViUCll Vill-C12 

Once the second snubber capacitor C12 is totally discharged at the time t2, the 
15 third snubber diode D13 turns to conducting state, and the inductor current starts 
to circulate in a loop formed by the diodes D13, and D12, the first snubber ca- 
pacitor CI 1 and the snubber inductor LI 1. The current through the switch SI is 
no longer equal to the current through the snubber inductor LI 1 . While the switch ^ 
SI carries the input current I to the load LD, the snubber inductor LI 1 earners the 
20 input current I plus the current that circulates through the loop formed by Dl 3, 
D12, the first snubber capacitor CI 1 and the snubber inductor LI 1 . During a time 
interval from t2 to t3, the energy stored in the snubber inductor LI 1 is transferred 
to the first snubber capacitor CI 1 . During this stage the current through the snub- 
ber inductor LI 1 decreases, until it equalizes the input current I at the time t3 . 
25 During the resonant stage from t2 to t3 the current through the snubber inductor 
LI 1 , i(Ll 1), is given by 
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©2-1,11 ©2 2 -Xll 



and the voltage across the first snubber capacitor CI 1, v(Cl 1), is given by 



VoVaA 2 , t . FMol V2 ©2 2 -(D 2 . t , 

v 0 1 (0 = — 2 cos(<ol - 0 + — sin(<ol ■ 0 

a>2 2 <o2 z 



Once the current through the snubber inductor LI 1 equalizes to the input current 
at t3, the currents and voltages in the resonant elements (the snubber inductor 
( LI 1 , the first snubber capacitor CI 1 and the second snubber capacitor C12) and 
10 the switch SI remain constant. This stage ends at t4 when the switch SI is turned 
to blocking condition. Preferably the switch is controlled by a gate command sig- 
nal. 



At the time t4, the input current that was circulating through the switch S 1 is de- 
1 5 viated to the second snubber capacitor C12 via the third snubber diode D13. The 
voltage across the second snubber capacitor C12, v(C12), that was zero at t4, in- 
creases linearly with a rate given by 

( dv ^ I 

dt C12 

20 

This stage ends at t5 when the sum of voltage across the first snubber capacitor 
CI 1 plus voltage across the second snubber capacitor CI 2 equals to the output 
voltage Vol. The current through the snubber inductor LI 1 and the voltage 
across the first snubber capacitor CI 1 remain constant during this interval from t4 
25 to t5. 

At the time t5 the first snubber diode Dl 1 is directly polarized and starts to carry 
part of the input current toward the output. The residual part of the input current 
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remains circulating through the second snubber capacitor C12, which continues 
charging until the voltage across its terminals equals Vol. During the resonant 
stage at the time interval from t5 to t6, the current through the snubber inductor 
Lll is 



^i(0=/-^|[l-oos(a>.0] 



and the voltage across the first snubber capacitor CI 1 is 



10 v a , (0 = — sin(cD - /) — — t + Vol • — 

a,w C11-C12© v ' C11C12 o>2 



and the voltage across the second snubber capacitor CI 2 is 



Vci2(0= *'? — sin(cw) + t + Vol-Vol — 

C2 C12 2 -© C11C12 a>2 



When the voltage across the second snubber capacitor C12 equalizes Vol at the 
time t6, the second snubber diode D12 becomes directly polarized and starts to 
conduct part of the input current toward the load LD via the first snubber diode 
Dl 1 . The remainder of the input current continues to circulate through the first 

20 snubber capacitor CI 1 and the first snubber diode Dl 1. The current through the 
snubber inductor LI 1 continues falling until the time t7, at which it reaches zero. 
Since the time interval between t5 and t6 is very small, to obtain the equations 
valid for this resonant stage, it has been considered that the values of current and 
voltages at t6 are the same as those values at t5. With this simplification the 

25 equations valid in the time interval from t6 to t7 are the following: 

For the current through the snubber inductor Lll: 

//,i(0=/- T ^- T sin(a>l-0 
LI 1 • G>2 
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For the voltage across the first snubber capacitor CI 1 : 

v ci , (t) =s Vol • — • COS((Dl • t) 
©2 



5 The voltage across second snubber capacitor C12 remains unchanged at Vol. 

At the time t7, the current through the snubber inductor LI 1 becomes zero and 
remains at this value. During the time interval from t7 to t8, the input current cir- 
culates through the first snubber capacitor CI 1 and the first snubber diode Dl 1 to 
( 0 the load LD. The voltage across the first snubber capacitor C 1 1 is reduced with a 
constant rate until it reaches zero value. The equation that determines the voltage 
across the first snubber capacitor CI 1 is: 



15 



20 



W0=-^-Vtt>l 2 -/ 2 -XI I 2 .g>2 2 — — t 
©2 Cll 



At the time t8, the voltage across the first snubber capacitor Cll becomes zero 
and the first boost diode DB1 becomes directly polarized conducting the input 
current towards the output. Thereafter, the currents and voltages across the snub- 
ber elements remain constant until a new cycle is initiated. 



The stages described above are valid for the positive semi cycle of the input volt- 
age (phase A) and current commutation from the first boost diode DB1 to the 
switch SI and vice-versa. During the negative semi cycle the current commuta- 
tion occurs from the second boost diode DB2 to the switch SI with the same cor- 
25 responding stages. For the negative semi cycle, the elements involved with soft 
commutations are the snubber inductor LI 1, the third snubber capacitor C13, the 
fourth snubber capacitor C14, the fourth D14, the fifth D15 and the sixth D16 
snubber diode. It is important to notice that the snubber inductor LI 1 is used in 
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the positive and xn the negative semi cycle. Thus, the proposed invention allows 
to save one resonant inductor per phase. 

To verify the space savings accomplished by the invention, two compact printed 
board lay outs have been performed Fig. 5 shows the printed board layout of the 
converter proposed by Cruz et al, and depicted in fig. 1. Fig. 6 shows the printed 
board layout of the converter according to the invention. As can be seen, the cir- 
cuit according to the invention can be placed in a smaller printed board area, 
which saves cost and reduces the total size of the converter. 



Since the electrical stress placed on the devices during switching is reduced, it is 
possible to increase the switching frequency of the converter and therefore, im- 
prove the waveforms generated. Any PWM control method for the three-phase 
three-level boost type converter could be used to control the input currents and 
1 5 output voltages. Such a control method is described in [R. Rojas, "Metodo e Cir- 
cuito de Controle Para Retificador do Tipo Elevador Trifasico de Tr6s Mveis" - 
patent PI 9907351-0]. 

J 

Fig. 7 shows a circuit diagram of a converter according to an alternative embodi- 
20 ment of the invention. As can be seen in fig. 7, in principal this circuit is similar 
to the circuit in fig. 2. However, in each snubber circuit the anode of the second 
snubber diode D12, D22, D32 is connected directly to the second snubber induc- 
tor terminal 5, and die anode of the fourth snubber diode D14, D24, D34 is con- 
nected directly to the fourth snubber capacitor C14, C24, C34 and the cathode of 
25 the sixth snubber diode D16, D26, D36. The absence of the second C12, C22, 
C32 and third C13, C23, C33 snubber capacitors and the third D13, D23, D33 
and the fifth D15, D25, D35 snubber diodes will result in a snubber circuit that 
will only limit the losses at turn-on instant, i.e. reduce the current increase at turn- 
on instant. The losses due to the turn-off of the switch will not be reduced in this 
30 case. 
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Fig. 8 shows a simplified circuit diagram of a three-phase, three-level boost-type 
converter with a passive snubber according to another embodiment of the inven- 
tion. The converter is connected to two loads LD1, LD2, one LD1 between the 
first terminal P and the medium point M, and the other LD2 between the second 
terminal N and the medium point. The loads LD1 , LD2 should be essentially 
symmetrical, but the arrangement allows for a small asymmetry in the loads. 
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1 . A converter, adapted to be connected to a three-phase input voltage system 
(VI, V2, V3), comprising a first terminal (P) and a second terminal (N) of a 

5 DC voltage output, adapted to be connected to at least one load (LD), a me- 

dium point (M), adapted to provide a reference for a positive and negative 
voltage of the DC voltage output, and, for each phase of the input voltage 
system, 

- a first boost diode (DB 1 , DB3, DB5) and a second boost diode (DB2, DB4, 
10 DB6) the cathodes of which are connected to the first terminal (P) of the DC 

voltage output and the respective phase of the input voltage system (VI, V2, 
V3), respectively, and, the anodes of which are connected to the respective 
phase of the input voltage system (VI, V2, V3) and the second terminal (N) of 
the DC voltage output, respectively, 
15 - a switch (SI, S2, S3) connected to the medium point (M) and adapted to un- 
dergo a switching process, 

- a snubber circuit (1, 2, 3) connected to the first terminal (P) and the second 
terminal (N) and comprising means to store and transfer to the load (LD) en- 
ergy caused by the switching process, 

20 characterized in that the means to store and transfer to the load (LD) energy 
caused by the switching process comprises a snubber inductor (LI 1, L12, 
LI 3), at a first snubber inductor terminal (4), connected to the respective 
phase of the input voltage system (VI, V2, V3) and, at a second snubber in- 
ductor terminal (5), connected to the switch (SI, S2, S3). 

25 

2. A converter according to claim 1, at which each snubber circuit (1, 2, 3) fur- 
ther comprises a first snubber diode (Dl 1, D21, D31), a second snubber diode 
(D12, D22, D32), a fourth snubber diode (D14, D24, D34), a sixth snubber 
diode (D16, D26, D36), a first snubber capacitor (Cll, C21, C31), and a 

30 fourth snubber capacitor (C14, C24, C34), at which 
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- i the cathode of the second snubber diode (D12, D22, D32) is connected to the 

1 anode of the first snubber diode (Dl 1, D21, D31) and the anode of the second 
: snubber diode (D12, D22, D32) is connected to the second snubber inductor 

i 

j terminal (5), 

5 - the first snubber capacitor (CI 1 , C21 , C3 1) is connected between the first 
, snubber inductor terminal (4) on one side, and the anode of the first snubber 
diode (Dl 1, D21, D3 1) and the cathode of the second snubber diode (D12, 

r 

j D22, D32) on the other side, 

- the cathode of the first snubber diode (Dl 1, D21, D31) is connected to the 
1 0 first terminal (P) of the DC voltage output, 

- the cathode of the fourth snubber diode (D14, D24, D34) is connected to the 
second snubber inductor terminal (5), 

- the fourth snubber capacitor (C14, C24, C34) is connected between the first 
snubber inductor terminal (4) on one side, and the anode of the fourth snubber 

15 diode (D14, D24, D34) and the cathode of the sixth snubber diode (D16, D26, 
D36) on the other side, and 

- the anode of the sixth snubber diode (D16, D26, D36) is connected to the sec- 
ond terminal (N) of the DC voltage output. 

20 3. A converter according to claim 2, at which the means to store and transfer to 
the load (LD) energy caused by the switching process comprises a second 
(C12, C22, C32) and a third snubber capacitor (C13, C23, C33), and each 
snubber circuit further comprises a third snubber diode (D13, D23, D33), a 
fifth snubber diode (D15, D25, D35), at which 

25 - the anode of the third snubber diode (D13, D23, D33) is connected to the sec- 
ond snubber inductor terminal (5), 

- the second snubber capacitor (CI 2, C22, C32) is connected between the me- 
dium point (M) on one side and the cathode of the third snubber diode (D13, 
D23, D33) and the anode of the second snubber diode (D12, D22, D32) on the 

30 other side, 
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- the third snubber capacitor (C13, C23, C33) is connected between the medium 
point (M) on one side and anode of the fourth snubber diode (D14, D24, D34) 
and the cathode of the fifth snubber diode (D15, D25, D35) on the other side, 
and 

- the anode of the fifth snubber diode (Dl 5, D25, D35) is connected to the 
cathode of the sixth snubber diode (D16, D26, D36) and the fourth snubber 
capacitor (C14, C24, C34). 

4. A converter according to claim 1, 2 or 3, at which a boost inductor (LI, L2, 
L3) is connected between each phase of the input voltage system, and the an- 
ode of the respective first boost diode (DB1, DB3, DBS), the cathode of the 
respective second boost diode (DB2, DB4, DB6) and the first snubber induc- 
tor terminal of the first snubber inductor (LI 1, L12, L13). 

5. A converter according to claim 1 , 2, 3 or 4, at which a first output capacitor 
(CI) is connected between the first terminal (P) and the medium point (M), 
and a second output capacitor (C2) is connected between the second terminal 
(N) and the medium point (M). 
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